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overview

1. Gaps-between-jets

- | will discuss a brief historical overview of the observable, leading to the discovery of
super-leading logs.

- | will highlight an easily generalisable approach to computing the first super-leading log

7. Jettiness

nased on work from Forshaw, JH, 2109.03665.

. | will extend the calculation of the super-leading logs to Jettiness. In doing so, uncovering a
super-super-leading log as reported in Banfi, Forshaw, JH, 251111799.

« |'ll discuss some

ohysical in’

uition for the super-super-leading log, from which we can see

Nints at its all orc

ers structu

[e.



Gapped jet rates

Back to the 90¢

Can the Higgs be seen in rapidity gap events
at the Tevatron or the LHC?

V.A. Khoze?, A.D. Martin® and M.G. Ryskin®®

? Department of Physics, University of Durham, Durham, DH1 3LE
b Petersburg Nuclear Physics Institute, Gatchina, St. Petersburg, 188350, Russia

Abstract

Double diffractive Higgs production at pp (or pp) colliders continues to attract atten-
tion as a potential signal in the search for the boson. We present improved perturbative
QCD estimates of the event rates for both the exclusive and inclusive double diffractive
Higgs processes, paying particular attention to the survival probability of the rapidity
gaps. We find that the major uncertainty is in the prediction for the survival proba-
bility associated with soft rescattering. We show that an analogous process, the double
diffractive production of a pair of jets with large values of E7, has an event rate which
makes it accessible at the Tevatron. Observation of this process can therefore be used as
a luminosity monitor for two- gluon exchange processes, such as the production of a Higgs
boson with rapidity gaps on either side.
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Rapidity gaps in Higgs production

Yu.L. Dokshitzer '
Department of Theoretical Physics, University of Lund, Solvegatan 144, S-223 62 Lund, Sweden

V.A. Khoze !

Centre for Particle Theory, University of Durham, Durham DH] 3LE, UK
and INFN Eloisatron project

and
T. §)0strand _ ’ FIG. 1. Basic mechanism for producing W-W interaction
CERN, CH-1211 Geneva 23, Switzerland . processes in high-energy pp collisions, with the presence of a ra-

4 pidity gap in the final state.
Received 11 October 1991
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The possibility to discriminate different Higgs production mechanisms using a rapidity gap signature is discussed. The results
of Monte Carlo calculations are presented, which show that the two processes WW -+ H and gg—H indeed have different event
structures, but aiso that these differences, without special care, would be masked by other effects.

Rapidity gaps and jets as a new-physics signature in very-high-energy hadron-hadron collisions

J. D. Bjorken 0.7;>I - A_TI > ’;’0.7
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309 on : 12 l ? - |1 l
(Received 30 March 1992) s e W .' I
In hadron-hadron collisions, production of Higgs bosons and other color-singlet systems can occur via .o - . B
fusion of electroweak bosons, occasionally leaving a “rapidity gap” in the underlying-event structure. ) - . .. «—Gap—>{ .- | -, .
This observation, due to Dokshitzer, Khoze, and Troyan, is studied to see whether it serves as a signa- . e e —~ * .
ture for detection of the Higgs bosons, etc. We find it is a very strong signature at subprocess c.m. ener- ., - w et LT,
gies in excess of a few TeV. The most serious problem with this strategy is the estimation of the fraction 0 L L L e
of events containing the rapidity gap; most of the time the gap is filled by soft interactions of spectator -8 -4 0 4 8

3

degrees of freedom. We also study this question and estimate this ‘“‘survival probability of the rapidity
gap” to be of order 5%, with an uncertainty of a factor 3. Ways of testing this estimate and further dis-

cussion of the underlying hard-diffraction physics are presented. FIG. 2. Event morphology in lego variables for the processes

depicted in Fig. 1. The tagging jets are the hadronization prod-
ucts of the quarks, while for large Higgs masses, almost all of

20 the W-decay products lie within the dashed circles. The
15 remaining region, marked gap, contains on average no more
K than 2 or 3 hadrons. 3
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Gapped jet rates

Back to the 9C

- However, theoretically controlled predictions were lacking. Quoting Bjorken:

We estimate in Section 3 that the survival probability of
the rapidity gap is of order 5%, but there are serious theoretical issues here

which need further exploration.

- The problem was two major backgrounds. Gaps could be filled by “mini-jets”, i.e. MPls, anad
‘e a signature of diffractive physics Mueller, Navelet ‘87 which, even now, is not yet under
orecise control (for recent orogress see Lee, Schindler, Stewart 250810231).
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G ap S b etWC C ] et S ENERGY AND COLOR FLOW IN DIJET RAPIDITY GAPS

:3 aC1< tO the 9 O E GIANLUCA ODERDA AND GEORGE STERMAN

Institute for Theoretical Physics
SUNY at Stony Brook, Stony Brook, NY 11794-3840, USA

Abstract

A Ste p fO rWO rd WO S m O d e by Oderd(] d nd StermO N ,98 When rapidity gaps in high-pp dijet events are identified by energy flow

in the central region, they may be calculated from factorized cross sections in
perturbative QCD, up to corrections that behave as inverse powers of the cen-
tral region energy. Although power-suppressed corrections may be important,
a perturbative calculation of dijet rapidity gaps in pp scattering successfully

() W h . ‘St O g O p Wlt h n Ot h | n g | n |S p rO b ‘ e rn C th, O g O p W I t Ih reproduces the overall features observed at the Tevatron. In this formulation,

the average color content of the hard scattering is well-defined. We find that

hard dijet rapidity gaps in quark-antiquark scattering are not due to singlet

nothing above a veto (Q.) was perturbatively calculable exchsage alone,
up to power corrections in Agep/ Q.. ~ ///\

'—-‘~

- Additionally, they proposed a simple factorisation for AN
this measurement. e SQC RS /

Figure 1: Geometry of the calorimeter detector. . is the energy flow into the central
rapidity interval

_ fd b T7 Y . >
dYdQ, = (O (Q) ® Tr [H(a +b — 2ets : O, Ay) @ S, ,(Ay ln(Q/Qc))]



Gaps betwee

Back to the O0s

- Unfortunately, we now understand that this factorisation

jets

misses a lot of important physics.

dYdQ,

= Q@) ® Tr [Ha+b — 2jets : Q, Ay) x 5, ,(Ay In(Q/0,)

(b)

. Firstly, 52 »(AyIn(Q/Q.)) does not include the full

complexity of the soft logar
gaps-petween-jets distribut

lon.

ithir

logarithms (Dasgupta, Salam ‘01).

- Asitis asingle-

are leading for

0g observable (at or
this observable and t

invalid at any accuracy.

s contrib
t misses

-/

h

]
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B
ng to the doyg
- g‘obg‘ deQO ~ asz lnz(Q/Qc)

e loop), these NGLs
ne factorisation is



Gaps between jets

Back to the O0s
8& (x;) @6>
- Unfortunately, we do now understand that this A
factorisation misses a lot of important physics. A L
__ fa b 17, 5 D7 . Q b l .I '
1YdO, =4O (Q) ® Tr [H(a+b 2jets : O, Ay) XSz,z(Ayln(Q/Qc))] ) . (J‘b,@o) e

- Secondly, the full structure of collinear logs mixed with
soft logs does not factorise into PDFs and

O,
S2 »(AyIn(Q/Q.)) due to the presence of Coulomb/ dei;O o I°(Q/Q,)

Glauber phases. What's missing are the “super-leading

0gs” from factorisation breaking (coherence violation).
Corshaw, Kyrieleis, Seymour ‘06




A pause for nomenclature

What is leading log? What is super-leading? Unfortunately nomenclature is based on gaps-
between-jets which is single log a la Oderda and Sterman.

. The typical starting point:
In2 (V = e_L> = Lgy (aL) + gnp (L) + agnng (L) + -+

2 (V — e_L) — Z C,?Langn + aSLZ C}fDLaS”LG T ...

Factorise and count loops in functions and RG evolution.

- Super-leading (coherence violating) logs do not exponentiate and factorisation is far from
simple. Only the second counting works consistently and easily.




A pause for nomenclature

What is leading log? What is super-leading? Unfortunately nomenclature is based on gaps-
between-jets which is single log a la Oderda and Sterman.

. So where do super-leading logs fit in? They are N3DL or as”LZ”‘3. But, gaps-between-jets is
has no LL piece, the leading piece is NLL (a/'L") and N3DL is super-leading relative to NLL.

- How does this extend to other observables?

» The aS4L5 logs and factorisation breaking is often referred to as the “super-leading logs” but
it rarely is super-leading compared to the whole expansion of an observable.

L » | will use two countings: relative to the double log, a

nd factorisation breaking relative to

DGLAP. Relative to DGLAP evolution of the initial state, och‘L5 s always super-leading.



A pause for nomenclature

What is leading log? What is super-leading? Unfortunately nomenclature is based on gaps-
between-jets which is single log a la Oderda and Sterman.

. So where do super-leading logs fit in? They are N3DL or as”LZ”‘3. But, gaps-between-jets is
has no LL piece, the leading piece is NLL (a/'L") and N3DL is super-leading relative to NLL.

- How does this extend to other observables?

» The aS4L5 logs and factorisation breaking is often referred to as the “super-leading logs” but
it rarely is super-leading compared to the whole expansion of an observable.

*1'll give a 3rd counting at the end.

L » | will use two countings: relative to the double log, a

nd factorisation breaking relative to

DGLAP. Relative to DGLAP evolution of the initial state, och‘L5 s always super-leading.

10



Computing the super-leading Log

Based on Forshaw, JH, 2109.036¢

= f(O)?(0) ® Tr [ﬁ(a +b - 2jets : 0, Ay) ® S, ,(Ay In(Q/ Qc))]

dYdQ,
T-loop evolution
at fixed coupling
08 = fa(ra Q) (o, Q) TH(Va, HV Y, o)
dz,dzy dB A\Fas BA%b; Q0,@™ Y Q0,Q
J V0,0 ~ exp ( > In QQ(YT2 + fmTz))
0
d b T% — (Ta+Tc)2 — (Tb+Td)2

T2 = (T, + Tp)?

11



Computing the super-

Based on Forshaw, JH, 2109.036¢

.« Let's see where the OS result breaks down. First, we manually re-instate the plus-prescription.

leadin

doos
dx,dzp, dB
-xpand DGLAP evolution of
nadron A to leading order
d a Q d]{: kT Y2
da:adi‘cz dB a / T / qq Z) fB(xb)Q)

x |©(z — ) fA(a:a/z,QO)FTr(VQO,kTTaVkT,QHVT T} V|

kr,Q —a

Qo kT

gLog

Q

) — 2fa(Zas Qo) Tt(Vgo,oHV),

We have not assumed factorisation. The collinear is interleaved with the soft, the scale

determined by the k. of the collinear gluon.

= fa(Za, Q) fB(Tb, Q)TI(VQO,QHVEQO,Q) V@0, = exp ( - In @(YTz T 'mTz))

Q)

12



Computing the super-

Based on Forshaw, JH, 2109.036¢

. Toillustrate the point...

kT cY/2

dal as @ dk‘T
dx,dzp dB / / qq(z fB (xba Q)

do
dx,dx dB —

leadin

x |6(z - za) fA<xa/z,Qo@vao,kTTava,QHV* TV oo ks

/Q dky / & 6 (1+Z ) fa(@a/2 Qo) f5(zs, Q) Tr(H)

g LOg

) — 2fa(za, Qo) Tr(Vo,oHVY, ()

No jet veto, we get the DGLAP plus-prescription back

Pyq(2) [@(z — %) fa(za/2,Q0) — 2fa(%a, Qo)] Tr(H) f(xp, Q)




Computing the super-

Based on Forshaw, JH, 2109.03¢

leadin

- SO, what happens when we compute this expression?

kT cY/2

do Q dkr
dz.dz, dB / / ~ Paa(2) f5(2,Q)

1
T3

X 1O(z — x4) fa(Ta/z, Qo)

T‘I‘(VQO 7kT TaVkT 7QHVT

TT VT

,Q Qo kT

g LOg

) — 2fa(%a, Qo) Tr(Vge,oHV,

) [T%,Tg] # 0 and [TQ,TE] # () and so the real emission term is “trapped”.

. Since we can't pull out a Casimir, the plus-prescription is broken. Expanding in a,, we find

doq

dzgdz, dB T2 NZY o log®(Q/ Qo)

Q)




Computing the super-leading Log

Diagrammatically
- |t is instructive to view this on the Lund plane. Dipole kinematics
4 1 1 B Z\
Inl/0~n=—Intanf/2|~ —In
> g 2 < )
Fl’\aSC ’§|0a<( \OOW’\AMJ
/H/\CC\— Ee_'f-\i S)16M < éf“l’é/r\\/ 0/0/( (—0/// kT
\\‘\\‘\ e In— =1né
0 “~ 0O
\ﬁ A
In —
-col ¥ \
Andersson, Gustafson, 5‘7&/ Collinesr So Jrv S%J’ S%”’C“H'“‘mf

Lonnblad, 1989
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Computing the super-leading Log

Diagrammatically
- |t is instructive to view this on the Lund plane. Dipole kinematics
4 1 1 B Z\
Inl/0~n=—Intanf/2|~ —In
> . 2 < )
\L
5\ ,
: X’e,r"‘>
) \
ot i & gﬂ\b'\ﬂ\‘f@“\%‘m ] In 0
O\\\\l\n' { ( o > }/6\\0"‘3\&\ \0“( Q
U (/D\"J sa\\\.\t\’( Ther :jd i)
/ (P@’é B\aj: : \
Andersson, Gustafson, -
FOICJ Aowr\ her M Fgl() oQou\/«\ Ir\efc

Lonnblad, 1989
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Computing the super-leading Log

Diagrammatically

. [tisinstructive to view this on the Lund plane.

Inl/0 =~ n
. 2(’xs F
Y In(Q/Q)
T
...................................................................................................................................................................................... In 0y/0
k
In — !
Q

17



Computing the super-leading .

Diagrammatically

. [tisinstructive to view this on the Lund plane.

Hele)

In1/0 =~ n

------------------------------------------------------------------------------------------------------------------------------------------------------

X 3 P\ 2
L ‘5(;1H(Q/Qo)) Y(ir)

18



Computing the super-leading Log

Diagrammatically

. [tisinstructive to view this on the Lund plane.
In1/0 ~ n

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------




Computing the super-leading Log

Diagrammatically

. [tisinstructive to view this on the Lund plane.
In1/0 ~ n

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

20



Computing the super-leading Log

Diagrammatically

. [tisinstructive to view this on the Lund plane.
Inl1/0 =~ n

& 4
~ 2 Y(imP(In(Q/Qy) )

JU

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

rTr (Tga Tz ’ T]] (Ta[Tga H]TIL o TZ[T§7 H]))

| Tr ([T2, [T2,T; - T,]] (T, HT, - T2H))



Gaps between jets

Recent progress

- The “full colour” computation of exclusive jet rates with coloured initial states has received @
lot of attention in recent years, driven by a few collaborations:

» Bern-Mdainz: Becher, Hager, Jaskiewicz, Martinelli, Neubert, Schwienbacher and others*

This is the main group working on the resummation of SLLs.

» Graz-Manchester: DeAngelis, Forshaw, JH, Martinez, Platzer, Ruffa, Seymour, Torre Gonzdlez

Developing “‘amplitude evolution”. The central goal is a numerical code which is capable of
resumming SLLs and non-global logs.

» Also work by: Hagiwara, Hatta, Ueda, Mueller, Triantafyllopoulos and others*

Other work on the numerical resummation of non-global logs but not applied to SLLs.

22
*sorry to anyone whose name I've missed.



Super-leading logarithms

Recent progress

- The super-leading logarithms have non-trivial colour, the space of which grows with a..

- Using an approac

A

collaboration derr

analytically with a new iterative factorisation.

O

nased in SCET and some very fiddly co

nstrated that the super-leading logaritr

our algebra, the Bern-Mainz
mMSs can be resummead

o@Q)= Y [ dnide Y (Ha({n), Q) @ Win((n), Qo,21,22,)

Becher, Neubert, Shao 210701212, Philipp Boer, Hager, Neubert, Stillger, Xu 230711089, 231118811, 2405.05305, 2407.01691 Becher,

a'laG'QZQ7Q7g

Hager, Jaskiewicz, Neubert, Schwienbacher 240810308, Becher, Hager, Martinelli, Neubert, Schwienbacher 241112742

- The key point is that W,, contains both initial anc
PDFs which must be evaluated at Q,, not the hard scale!

final state low scale physics, including

23



Super-leading -

Recent progress

ogarithms

« Recently Becher, Hager, Martinelli, Neubert, Schwienbacher, Stillger 241112742 performed an initial pheno

study:

(dO'SLL/dO') 0sg [/0]

) 4 AN o0
T T T

14}

12f

10}

vvvvvvvvvvvvvvvvvvvvvv

2 <|AY| <3
Qo = 20 GeV

nnnnnnnnnnnnnnnnnnnnnn

L pr > 200GeV
.— QO = 20 GeV

vvvvvvvvvvvvvvvvvvvvvv

nnnnnnnnnnnnnnnnnnnnnn

Figure 3: SLL contribution to the differential pp — 2 jets cross section as function of
transverse momentum pr (left) and gap size |AY| (right). The veto scale is fixed to
QO = 20 GeV.

- Despite appearing first at 4-loops, effects can be as large as 10% to 15% for large gaps!



Part 2 - jettiness



What is jettiness”

Background

. Jettiness is a class of observables introduced by Stewart, Tackmann, Waalewijn 1004.2489.

- Broadly, the n-jettiness (z,) is defined so that in the limit z, — 0 an event contains just n
collimated coloured jets.

- Theyre recursively IRC safe and can be computed with exceptional precision (absent
Coulomb/Glauber modes). Alioli et al, 2312.06496

. Jettiness is used for precision QCD but, due to its simplicity, it also is used for:

» Selection cuts to isolate processes with n jets. This is particularly important for “missing
neutrals” searches (i.e. BSM, dark matter). Lindert et al. 1705.04664

» Phase-space slicing for NNLO matching (Geneva collaboration)

26



What is jettiness”

The definition of one-jettiness

The one-jettiness at the LHC:

|
:Zamln(na'pianb°pianl.pi) ﬂf /

1eX
d_Tl z J PP _>X Tf() Z/

There are a few topologies that can contribute but, for concreteness, | will focus on just

p(q)p(g) > £+ q

27



The Lund pl

do(z))

dx dx,dB

ane 1or jettiness

Leading-log resummation

In1/0 ~ n = — Intan 6/2

do¥V 1

; dx dx,dB n!

In —

a | B "
__(2CF + CA)_L + e
T 2

de®

" dx,dx,dB

a |
exp | ——RQCr+ Cy)—L" + -
T 2

28



The Lund plane for jettiness

Collinear logs without Coulomb/Glauber phases

The partonic result should be convoluted against PDFs

do 1 : dé ,(uy)
= | dx, | dx, f%(x., D(x,, ab? Tl
dr,dB L “L b 4% 1) T ) dx,dx, dz, dB
In1/6 =~ 1

From the Lund plane, we should fix . = 7120

so that the DGLAP evolution of the PDFs

captures all the logs from the initial state. ] I_l__?_ﬁ_/z

The collinear scale is the geometric mean k
SCHIS IS TS S kr Inz; = In 6+ In —

between the hard and soft scale. In 5 9

29



T'he jettiness factorised
The tull resul

The complete leading power result Stewart, Tackmann, Waalewijn 2010:

dTN /dazadazb /d qd®r(q /dCI)N ({qs})
% Fx({am}, L) (27)*6* (40 + ab - > - q)

In1/6 ~ n
X Zter—)h‘, {q’m}aLnu H/dSJ JH,J SJalu) >
1],K J
X /dta Bi(ta,ZEa,M) /dtb Bj(tlﬂxb):u’)
ot ty + 3 Inz, ™
PN a ST « v N e e s
x Sy (TN sz . Ja{Qm}aN)° (14)
| kot ln71=1n6’+1n§
L g¢ T n—
B;(t,z, ) = = T (t, 2o 1) for (€, 1) O
Z/:U g ( € ) 30




From gaps-petween-jets to jettiness

Could we get a similar scale hierarchy in gaps between jets?

Grow the gap to induce a collinear scale...

Inl1/0 =~ n

4
~ € ((xs> Y(in)z(ln(Q/Qo)>5

] >
Ya Ys Y

31



From gaps-between-jets to jettiness

Could we get a similar scale hierarchy in gaps between jets?

Grow the gap... until it is a log

Inl/0 ~n
Consequently, factorisation a \* ;
ng -~ G () n?(In(Q/Qy)
breaking is now a;L° | e\ — ) (In(Q/Q,

Crucially, nothing changes in the
colour structure to protect GBJs
from this log.

32



From gaps-petween-jets to jettiness
Based on Forshaw, JH, 210903665 and Banil, Forshaw, JH, 251111799

This looks just like our distorted
version of gaps-between-jets but In1/6 ~ 1
with a diagonal boundary.

4
~ % <1> (im*(In 1/7,)°

JU

An aL° will be present unless the
colour factor vanishes...

 pp > 200GeV
: QO = 20 GeV

15

10}

(05 o), %]

Banfi et al, 10014082




(Generali

Based on

d:z:ada:b dB ~
X
do 1 o %

dz,dxy,dB

Forshaw, JH, 210903665 and

kT cY/2

/ " dkr / (2) (2, Q)

O(z — x,) fa(za/z, QO)rII‘

<

Q 1-k, /Q
/ dkﬁ / Y Pu(2) ur(k) f(ap, Q)
ur KL Jo

1

O(z — za) fA(Ta/2, 7)) 5 T2

Tr(VH'F 7kJ_ TaVkJ_ 7Q HVT

ISINg our metnod to jettiness

Banfl, Forshaw JH, 2511

zTr(VQo kr LaVkr, QHVL QTLVZ? kT

1,Q

(¢7)  pln Q/q( ¥9)
aS dq 1
Vapg = Pexp( - E T;-T; / (m) / dy( %), /

InQ/q?

.l.
TiV,ek) — 2fa(@a, ) Tr(Vye gHV] )

27 d¢(zg)

47

) — 2fa(Za, Qo) Tr(V@o,gHVY, )

Generalise the observable

(1 — up(q, {k}n_l)) — 47 T%1n -

.




“TOIM gaps-between-jets to jettiness

Could we get a a?L° in jettiness?

On the Lund plane:

- We integrate loops over the
vetoed region.

- We integrate real emissions over
the accepted regions above the
factorisation scale.

do1

Corrections to oodm g €

suppressed by a, since it requires two In —L
emissions into the green region. &




(Generali

Based on

d0'1 Ozs

dr,dx,dB

dUCVL

L — Ys ra b
dx,dz, dB B Z (s fA(xa"u’F)fB(xb)MF)/

a=—qg,g HFE

Forshaw, JH, 210903665 and

O(z — x4) fa(2a/ 2, pF) 5

Q 1-k1/Q 4,
/ o / . qu( ) u1(k) fB(zp, @)

1
T2

1_"’_T

kT

Tr(VMF 7kJ_ Ta'VkJ_ 7Q HVT

ISINg our metnod to jettiness

Banfl, Forshaw JH, 2511.117/¢

TT VT

1,Q b,k

Put In one-jettiness

— Z

) — ZfA(ajaa IU'F)TI‘(VIJJF,QHV

'm just interested in the CVL so I've dropped the virtual term which does not contribute.

Lower case colour charges are on the 3-parton state. Capital on the 4 parton state.

.‘.

:U'FaQ

@ dk Q 2
_T/ dz 7 ’u,(k;) WkT,Q TI(VLF,kTVMF,thaHab(B)tl)a

)




(Generalis

Based on

Forshaw, JH, 210903665 and

L et’s look to the Sudakov operator:

(’L]) In Q/q( i)
Ols L ;
Vo ~ Pexp (? E T;-T,; / (w) / dy( 'J) /

(27)
i ] In Q/QJ_J

Banfi,

27 d¢(zy)
41

(]- T un(Qa {k}n—l)) — ’1:7TT§ In é )

kr |
T2 L K —Z7TT2 In — )
7 | Tad 2(uF, k) .

HJ

LQ(/.LF,]CT) = ln (

kT

T1Q

ISINg our method to jettiness
Forshaw JH, 2511.117/¢

a

Put iNn one- Jettmess two core integrals

/Wz::%zi,vte dy(d)
‘Simp\iﬁeg the Sudakov greatly

ng_ZT T, _——ZTQ T, - T4,

d¢() 1

) n (1

= N
O
N

KF
T1Q

Ti Q
qT cos

:

N qwqw
||+
mARAR

30
+
Q'

=N

O

N

al V] Ll &
OO
N N
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Generalising our method to jettiness
Based on Forshaw, JH, 210903665 and Banil, Forshaw, JH, 2511.11799

Physical picture of the colour structure:
Inl/0 ~n

38



Generalising our method to jettiness
Based on Forshaw, JH, 210903665 and Ranil, Forshaw, JH, 2511.117/¢

Expand and get the bottom line result:

2 2 kT dO’?VL d
; Ols Qs : 2 2 .
V okp Y kr = €XD (—T Lo (pr, kr) — (?) Lo(pp, kr)(—im )ln [T , T+ dz da:de _qg / kr /
%s kr 2 (2 m2
(?) L2(,U'FakT) (( )ll’l ,LLF) [Ts7 [TsvTad] + .. ) % L2 TIQ kT ( k_Q)
| doOVL | 1\ |
' ~ > A () (mim?s (n— )
d:z:ad:cde T 480 T1 |
- /1 -
4, = paggre (S e w2 e Ay = F4 74T (—[T‘;’, 212 ) Ha B
a=quark - - a=gluon
_ §N2T4 fefe (0)( ), 32 2 (0)
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For the qg — ¢ channel, expression (10) confirms the
corresponding result obtained in [21]. Our formalism
also makes it clear that the leading CVLs scale as
docvy/dw ~ o2 In*T*"(Q/w) with n > 2. For 0-
jettiness, the CVL series starts at five-loop order, because
an additional insertion of I‘lg’al is needed for a non-trivial
color structure.

= <HN(Q7,U') kN,m( QCU,M) WN,m(wau’)>
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What does this mean”

How does this not cancel”

kT
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Whilst there is a double log, it (grey region) is not
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th a collinear pole/bou

10

ary. ltis o

Compare the Lund plane for the super-
super leading log against our intuition.
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What does this mean”

L.og counting

We're talking about areas on the Lund plane ->

these are double logs. In1/0 ~ 1
7
They are computable at fixed coupling with ‘f THY
only the soft-collinear singularities of one-loop aoolor coherence
kernels. This is just DL resummation? !
(Tn@)'/?
. |
Vo — — — Q.. coherence violation
ln Sl] It = ln( Sl] ) double logarithmic

T

at In(z))°(ir)* — aIn(r))0In(—17,)* ~ L}

All orders this is a'L2". It is double log
resummation with two large logs! 42



A similar result

QCD Transverse-.

1
4, = £ | (037272 ) . Ha (B)t]

8

= g NeTR fifh 049 (B),

L

“Nergy

doCVL s\ 4 1 1\°
= A, (=) (—im)?— (In =
dz.dz,dB ) ( - ) (=7)” 180 (n Tl)

a=q,9

fe)

:| a=quark

(16)

Uncharted Logarithmic Structures in QCD Transverse-Energy Flow

Mrinal Dasgupta,'’ * Alexander Fraley,!' " Pier Francesco Monni,?' * and Saad Nabeebaccus!:®

! Department of Physics & Astronomy, University of Manchester, Manchester M13 9PL, United Kingdom
2CERN, Theoretical Physics Department, CH-1211 Geneva 23, Switzerland

We investigate the QCD transverse-energy (E7) flow distribution within an azimuthal region of
phase space, defined by an angular interval A¢ on the plane transverse to a chosen jet axis. Vetoes

5 Q Nz kt,3 UV kt,a

2 S 3 ’ 4 3
Fovy = (_ & ) (1—f)2/ dkt,sf d773/ dkt,4/ d774/ dk:
s Er kt,3 —pax Er kt,4 _ninax Er kt

3

1. o (K4 ust pypat [ql I R Ha M3
[§ln (E_T) (Mol Doy (2) Dy, (3) [F (4)’ [F(4)’F(4)]]Da4,(3)Da3,(2)|mO>

U

2 L”

E(CVL) — ( |
DY 180

) w2CeN2f (1- f)
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The all-orders structure of jettiness?

Based on speculation (and work to come)

Physical picture of the colour structure: In 176 %1

o | , ]
V g kr A €XP (—S TZ2,L2(pr, kr) — i T2 In —
Tl UF _
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Based on speculation (and v

A hierarchy of challenge to do the CVL leading resummation?

jettiness?

Collinear must be

Colour space grows

Single soft is

Two Coloumb/Glauber needed

GBJs esummed indefinitely with soft enouah (resummation achieved SLL NDL +
. multiplicity J anyway)
: Collinear must be | Colour space is Soft must be Two Coloumb/Glauber
n-Jettiness P . / SSLL DL+
resummed n+4 parton-like resummed needed
Collinear must be | Colour spaceis | Softonlymustbe | 1. coloumb/Glauber | SSHHT DL+ If
rIRC safe J P resummed if forward ded forward forward
resumme inite suppressed neede suppressed |suppressed
QCD Collinear must be .COIOL.”.Space.grOWS Soft must be Two Coloumb/Glauber
Transverse- indefinitely with soft SSLL DL+

Energy Flow

resummed

multiplicity

resummed

needed
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Conclusions

- One-jettiness contains a super-super leading log.

d ( )CVL . 4 .
dzacfilxde ~ N: <%) (lﬂ)2<ln Tl)6f " 11 Q) (%, 7, Q)

- The log doesn’t touch the low scale pole structure, so PDFs can still be defined but must be
at the soft scale, not the collinear scale.

- Resummation of these logs might be tough but possible. Unlike GBJs, where only a single

soft needs to be considered, here arbitrary softs are required. However, the colour space
remains finite.

- Numerical codes may also provide a route out, CVolver - Forshaw, Platzer et al, Deductor - Nagy,
Soper...



